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ABSTRACT 
The latest specifications detailing the test waveforms for indirect Ligbt- transients as applied to 
aircraft Wtia systems speCiry very high voltages and currents. Althougb considerable data exists for 
meas- ca 6 le screen leakage usingsuch metbods as Surface Transfer lm@anct and Bulk cable Injection 
there is lrttle data on the likely core transient level that u likely to be rnduced from tbcse threats. In 
particular the new Waveform 5 at very high current levels (1OkA) IS reputed to cause seyere cable damqe.  
A range of represemtative cables were made with various screen termmation techniques and screening 
levels. These were tested first to determine their relative screening performance and then they were 
subected to lightning transient testing to all the specified waveforms. Core voltages were measured for 
Testswere also performed on bundles with fewer wires to determine the failure criteria with waveforn 
5 and these tests also mcluded Flat Conductor Cables. 
The test showed that correctly terminated cable bundles performed well in all the tests and would 
provide a high level of protection to the electronic systems. The use of overbraides, provided the individual 
screens are well terminated appears to be un-necessary. 
INTRODUCTION 
eat h test. 
Cable screens are widely used to achieve EMC within aircraft and they can be extremely efficient if 
proper1 terminated. Most test used to evaluate their performance, however, use CW techniques over a 
very Wi d e frequency range, at low amplitude and measure cable screen leakage. Values for the screening 
efficiency are then determined at various frequencies and these are used for quality assurance and design 
purposes. The tests are usually performed on short samples ( lm) of the cable and results are quoted below 
resonance frequencies where IO reality most leakage would occur. 
The situation with a lightning transient is more complicated since the performance of the cable 
screen in known ia frequency domain but nor in time domain. It is, of course, relatively easy to calculate 
the core current waveforms produced by an eaernal pulse of current on the screen w g  the techni ues 
described by Vane [l]. However, many of the required parameters have to be estmated and are digcult 
to accurately measure UJ the real situation. This is certainly true when dealing with a typical aircraft W;ring 
loom that consists of a number of individual screened wires such as twisted pairs. This bundle could then 
have an outer braid and the termination of all the braids to ground is anotber 
and dcsaibc three basic waveforms which have been well described by Wdcs [2]. Although it would be 
ssible to estimate the core current from these waveforms the errors could be very large. The effects of 
r g h  currents causing local heating and high voltages causing breakdown would of course not be known. 
It should be remembered that peak currents can now be 10 h p s  with peak voltages of 3.2 kVolts. Further 
with the d a t o r y w a v e  shapes the maximum leakage would occur at resonance frequencies and to evaluate 
a cable screen it would be essential to determine this frequency. 
The lack of any real understandin of the performance of cable braids with these transient levels 
design aim to produce an optimized design, i.e. a terminated system that ade uately meets the threat but 
performance levels which will also allow one to validate the theoretical calculations. 
TO this end a series of tests have been carried out on a wide range of cable assemblies with different 
termination systems. The sueenin effectiveness of each system was determined using both Surface 
Transfer Impedance (a) and Bult &le Injection (BCI) techniques. Each cable was then tested with the 
specifred transients from the !WE AE4L document, waveforms 2,3,4 & 5 at level 5. Additional tests were 
carried out at the resonance frequencies of each cable, as determined by BCI, with !be oscillatory waveform 
3. The m e  voltage was measured in each case and the system examined for physrcal damage. 
A sample using Fiat Conductor Cable (FCC) was also added to the trial since there have been a 
number of doubts over the current carrying capacity of these film bonded copper foil shields. 
1-t variable. 
The latest indirect lightning transients as detailed in %E AE4L-87-3 Rev T , D0160C and ABwo(yI 
has resulted in a safety first approach wit a additional braids being added to cables. It has always been our 
at the lowst weight and size. To achieve this ooe has to build up a library of a asic cable and termination 
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A final trial was to determine tbe damage threshold of bundles of screened twisted pairs where each 
screen was separately terminated to a connector. The number of screened twisted airs being progressively 
current in fewer terminations and will lead to eventual failure. 
reduced and the waveform 5 transient ~ ~ j t c t e d  down the brads. This has the e f f  ect of concentrating the 
TEST SAMPLES 
The samples were divided iato threc basic groups, the first was based on screened twisted pair bundles 
with various termination techniques and the sccond on screened wire bundles with flat connectors and the 
third on a Rat Conductor Cable (FCC) structure. The samples in the first oup were all 3m long whilst 
the other groups were 1 m. These oups were also fitted wth coMedors. R e  other group whilst having 
termination fittings where fitted wi  s dummy brass hsc" instead of C O M C ~ ~ O ~ S .  
of termination for the screens of the rnstcd pairs within the first group where considered 
essential an threc systems were used, fust standard pigtails, second an iris cone clamp and thirdly individual 
ferrules for each twsted pair mounted mto a retaitung plate (Hexashield). These are illustrated. 
This consisted of 20 screened 24 awg twisted pairs machined laid to make 
a harness. The following samples were made:- 
STP/OB/P 
STP/OB/I 
STP/OB/H 
STP/lB/P 
STP/ZB/P 
Cable with no outer screen, wire screens, terminated by pigtail 
Cable with no outer screen, wire screens, terminated by Iris clamp. 
Cable with no outer screen, wire screens, terminated by Hexasbield. 
Cable with single outer screen, wire screens, terminated by pigtails. 
Cable with double outer screen, wire screens, terminated by pigtails. 
m. This consisted 24 awg Screened Twisted Pairs and the numbers in each harness 
were 20,15 and 10. The normal number for such a connector is 20 wires and hence the current level 
termination was increased by 33% and 50% above the specified levels. Termination was by a bus-bar t at 
commoned all the screens. 
XXTP/OB 
15STP/OB 
10STP/OB 
Screens consist of film bonded mylar/copper foils. The basic cable consisted of 
two flat conductor cables with a mylar/coppcr foil bonded to each and a second foil between the two layers. 
This ave a total of three screening copper foils and an overall mylar/coppcr foil was used to screen the 
FCC/JF/IB/MTC FCC with three copper foil screens and an outer wrap around foil screen, grounded 
to MTC connector. 
rr 
Cable with 20 STP terminated separately, into MTC Connector. 
As above but 15 wires. 
As above but 10 wires. 
comp t te harness. 
SCREENING PERFORMANCE 
There have been many papers presented that overview methods of measuring Surface Transfer Impedance 
(Zt) [3,4 & 9 and ais0 Bulk Cable injection (BCI) [a] and space does not permit detailed description of 
the techniques. Zt was measured by drivin a current down the cable brad (over a ground plane) and 
measuring the resultant voltage on the centrafcooductors. BCI used an mjection coil togenerate the screen 
current and ia our tests the resultant voltage on the central conductor! recorded. The test sct up is, however, 
unmatched and the upper frequency where the results are still vahd for ths  length of cable is about 10 
MHz. 
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SCREENED TWISTED PAIR TERMINATION TECHNIQUES 
BRAID STRAP OR PIG-TAIL. 
pai r  is t e rmina ted  t o  t h e  o v e r a l l  cable sc reen .  
Each b r a i d  of t h e  sc reened  t w i s t e d  
overall cable shield 
Braided backshell 
assembly braid 
\Braid strap 
I R I S  CLAMP. Each screened twisted p a i r s  braid is combed o u t  
and trapped under a s p r i n g  IRIS and t h e  connec tor  b a c k f i t t i n g .  
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LIGHTNING TESTING 
1 
2 
3 
4 
5 
The ligbtningtransients urtre applied to tbc cables us' two techniques 
r of pulses applied was 5 of each polarity. The test configuration is 
shown. 
Level 5 was used for each transient. The higher frequency waveform 3 oscillatory waveform was 
tested at 1,10,30 and SOMHt as well as the resonant fre uency. The fist cable resonance as dcrermined 
We were interested in any possible damage that could occur with the very high powered waveform 
5 at 10 kAmps and we remeasured the basic screening performance after these tests using both z1 and 
BCI. 
The voltage waveform on the central conductor was recorded. AI1 the central conductors were 
cornrnoned together in these trials. The termination resistance was 50 Ohms. 
The test conditions used were thost described in the S A E  AE4L87-3 Rev B 1%9 document. 
d these were Bulk Cable for waveforms 2 and 3 and 3 round Injection 
from the BCI test was included as this is the frequency 09 manmum cable kakagc. 
This trial was intended to determine the number 
full threat of waveform 5. The test was ap licd 
jThu trial was carried out using waveform 5 at 10 
kAmps. A total of 10 shots were made and the sample examined for any damage. 
to eacb of the harnesses until either a told of 10 shots wcrc passed or  damage occurred to the samp P e. 
- 
- I 750c 
Waveforms 
2 3 4 5 - - - - - 
Vpllp vp/lp vp/lp VP.IQ , I 25'0 
---. 
50110 10014 50110 NIA I 
125125 250110 125125 N ' A  1 0 
300/60 600124 30060 300/100 
75W150 1500/60 7501150 750/1OM) 
16OOl320 32001 128 1600/320 
to 20 ooo 
---- -------------- 
Fowth cycle between 
75% and 25% of peak 
Vottage Waveform 3 
ldealised induced voltage and current waveforms 
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T, 1, 
V 
"hl 
-yclon-r*u) 
WAVEFORM 4 
GROUND POINT INJECTION 320 A m p d f O  u w c s  
CABLE CORE VOLTAGE 
WAVEFORM 2 SHORT PULSE 
BUKCABLE INJECTION 320 Arnpd6usecs 
CABLE CORE VOLTAGE 
- 
krl-k(rC*m-rry 
WAVEFORM 5 TEST (LONG PULSE) 
GROUND POINT INJECTION IOkArnpd500us 
CABLE CORE VOLTAGE 
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TEST RESULTS 
these were Surface Transfer Impedance (Zt) and 
these tests for the Screened Twisted Pair Bundles 
. The waveforms for the voltage waveforms 2J and 5 are shown for the first 
=est ed of the oscjllatory form (Wfm. 3) are too numerous to reproduce and the 
table gives the peak values, examples are gven. 
Each sample was tested a number of times until 
failure. Samples with 20 and 15 wires passed and that with 10 failed catastrophically after 2 shots. An 
explosion destroyed the connector backshell and the terminations. The connector termination failing when 
the current stress level was twice the specified level. Failure was not in the connector or the screened 
twisted pair but in their interconnection. 
LThe sample passed the trial and the peak voltage was 57 
volts. 
CI current was w] ma. 
oup o samples i.e. the screened twisted pair cables. 
. .  
CONCLUSIONS 
lwdmKmL 
and Flat Conductor Cables. Connectors of the MTC design can carry the full threat current without 
damage. Connector fittings, if the current is localised by having only a few current carrying wires can be 
damaged with this waveform. 
The induced central core voltage can be simply calculated from the DC resistance of the cable 
and assuming the current is DC. This induced voltage is certainly capable of upsetting or damaging 
electronics. 
B a d m a u u .  
tude. They would be capable of upset in certain signal lines. 
lbY&mL 
tails are and the effect on cable leakage is dearly seen in the rcsu1t.s for Zt and BCI. The cable 
STP/OB/P, the one where the screens were terminated with igtads 
matically whilst the soldered ferule damped into the metal housmg of 
The waveform 5 transient does not ap ar to pose a threat to aircraft Wirm looms. The threat 
current of 10 b p s  can be carried by both r undles of screened twisted pairs (wit % as few as 10 wires) 
Both these waveforms produced double exponential voltage transients of similar but low magni- 
This transient demonstrated the importance of braid termination. It is well known how bad pig- 
high frequency. The termination of the same cable with an 'I fi I S  type 
provides outstanding performance. 
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It can be seen from sam les STP/lB/P and STP/ZB/P where the pigtail samples have had over- 
braides put over the cable bun 8 les that the performance is still not as good as a cable with no overall 
cable screen but good 3600 individual screen termination. 
Gcncral. 
waveform 5 did not c a w  the problems that we had been warned against. In general most weened 
cable bundles with proper screen termination should rovide a high level of rotection. 
The use of techai ues such as Surface Transfer Impeiancc and Bulk Cable n'ection rovides useful 
unmatched system estimated performance should bc treated with caution. 
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